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(54) Receptor sheet for ink-jet recording using phase change inks 

(57) A recording mecfia for phase change ink 
recording cornprising: a support; 30-200 mg/dm 2 of a 
receptive layer coated on the support wherein the 
receptive layer comprises: a binder cornprising: a water 
soluble polymer; and a water insoluble polymer; 
wherein the combined weight of the water soluble poly- 
mer and the water insoluble polymer comprises at least 
50%. by weight, and no more than 95%, by weight, 
water insoluble binder; and an optional inorganic partic- 
ulate material. The media has an island size of no more 
than 15 fim and an asperity of 5.0 to 6.2 pm which is 
formed by controlling the drying rate. 



CM 
< 

CO 
CO 
CO 

CO 

o 
o 

CL 

UJ 

Printed by Xerox (UK) Business Servioes 
2.16 7/36 



BNSOCOD: <EP 0e34633A2J _> 



EP 0 934 833 A2 



Description 

FIELD OF INVENTION 

5 [0001] The present invention is directed to an improved media for use with ink jet printers. More specifically, the 
present invention is directed to an improved media which is superior as a receptor for phase change ink printing. 

BACKGROUND OF THE INVENTION 

to [00021 Transparent films displaying information are widely used throughout many different industries and for many 
applications. Typically, a positive image is formed by placing an ink or pigment onto a transparent plastic sheet. The 
image is then displayed by projection of transmitted light. 

[0003] Phase change ink printing has been demonstrated to be a superior method of printing. Among the advantages 
offered by phase change ink printing is the ability to obtain a high optical density and large print areas without the 

is necessity for removing large volumes of solvent after printing. The impact of phase change ink printing for transparen- 
cies has been impeded due to the lack of a suitable media Transparent media designed for use with aqueous ink jet 
printers are often used but these exhibit insufficient adhesion between the phase change ink and the media 
[0004] Phase change inks are characterized by their ability to remain in a solid state at ambient to warm conditions 
yet melt to a liquid at the printing head operating temperatures. Exemplary printing apparatus are disclosed, for exam- 

20 pie, in U.S. Pat No. 5.276.468. The physical thermomechanical properties of the solid glassy state, the solid rubbery 
plateau state and the liquid melt are ail important in the design of the phase change inks and printers. Exemplary phase 
change inks are provided, for example, in U.S. Pat. No. 5,372,852. « 
[0005] Contrary to solvent ink systems the phase change ink resides predominantly on the surface of the media and 
does not appreciably diffuse into the matrix of the media or coating. This phenomenon has challenged skilled artisans 

25 to develop a media which has suitable adhesion with the phase change inks. Media presently known in the art gener- 
ates too weak of an adhesive bond to withstand even moderate impact The prints delaminate easily during normal use. 
This is particularly a problem when large areas are printed. 

[0006] Three methods are known in the adhesive art which increase the strength of the adhesive bond. The first is to 
increase the polarity of the surface to create high surface energy. This increases adhesion to the ink by a thermody- 

30 namic driving force to lower the total interfacial energy. The second increases the dispersive forces between media and 
ink by coating a primer with properties intermediate between the base polymer sheet and the ink. Using the rule that 
"like dissolves like" better anchorage results. However, neither approach provides the high impact resistance needed to 
avoid delamination in the impacted area. The third approach commonly used to improve adhesion increases the surface 
area. However, this results in large increases in surface haze, making the media no longer transparent 

35 [0007] Printing phase change ink at high percent surface coverage can negate Ngh surface haze by filling in a rough 
surface. Thus, it is possible to create clarity by overprinting clear phase change ink in low image density areas. Using 
this approach, the high surface area approach to increased phase change ink anchorage can be made to be essentially 
transparent after printing. But high surface area alone is not effective in increasing the impact resistance to acceptable 
levels, particularly if the porosity is not fflled in by the ink. either by its being too narrow in radial dimension a too deep 

40 into the coating. What is required is a particular porosity with a large number of accessible pores with anchorage sites 
which provide lock points for the congealed phase change ink. 

[0008] There is a need for a media which will take full advantage of the properties offered by phase change ink print- 
ing. Provided herein is a coated media which exhibits excellent adhesion to phase change ink, offers adequate clarity, 
and greatly improves durability of the printed image as measured by increased resistance to ink removal. 
45 [0009] Ink removal can either be from scratching with a hard object adhesive removal by contact of the ink with an 
adhesive-containing object such as an adhesive tape, or by impact and consequent delamination of the phase change 
ink from the media surface. The first type of failure is largely a function of rheology of the phase change ink and as such 
is not addressed in the present invention. However, to the extent that ink is imbedded into the media as descrfoed in the 
present invention, removal by gouging with a blunt or sharp, hard object can be improved. Ink removal by adhesive con- 
50 tact is affected by the adhesion to the ink surface which depends in turn on its surface energy and as such is not 
addressed in the present invention. However, to the extent that the result actually loads the ink/media interface, a 
porous surface with ink imbedded into these pores breaks up the continuous failure line resulting in improved retention 
of ink at peel-like frequencies. 

[0010] Copending U.S. Application 08/679,543. which is commonly assigned, defines a media which is suitable for 
55 ink jet printing media. The results are based on a tape test which is a relatively mild test for adhesion. A more strenuous 
test, based on physical impact indicates that a far superior film can be obtained which is described herein. 
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qi IMMARY OF THF INVENT ION 
0014 These art <*ei .average, are prowled .a a ooa.sl on M STOW Tl» 

ink recording comprising the steps of : 

a) Transporting a support through a coating station suspension com- 

;s ubie polymer. Kw ^rw^tinn to form a media herein the water soluble polymer and 

ZOOmg/dm 2 . 

30 pg r*" Fn DESCR I"""™ QF TUP INVENTION 
acterizedbymel^rodyna™ 

invention, a poiymer with a «f^£SSS partide diameter, in water, of no more than 
molecular scale dissoiution. A polymer w * a '■f^^^^Sub.e^lymer preferably comprises at least one 
005 ^ is refers to herein as a ^"JJ^ffJSrtT! ySySmetS cellulose, polyvinyl pyrrolidine 
compound chosen from a W eonsW* S°s£aS one eiemerrt chosen from a group consisting 

persion or envision of polymer in water and are character^ed 6y tne J*™^ in water, of greater than 0.05 pm 
determined by light scattering. A light 

indies a dispersion of discrete parties l^tSy^nrSes at least one polymerizable mon- 

other means to remain suspended. The ^^^^^^°^6c substituted vinyl, urethane and 
omer chosen from acrylic ester. ° ^^^^^^^ar fStonaUty wrth the proviso that the degree of 
unsaturated amide. The water insoluble polymers maycompr^epo ^^zed by having a hydrodynannc par- 
functionality is below a level sufficient to form a waten rt«e ^ More pre ferred is a polymer 
M e size of less than 0.05 ^m A partKxilarfy £SoreTeferred is a copdymer comprising 
comprising 10-100%. by weight, styrene and 0 ;^ a ^^McSt preferred is a copolymer comprising a styrene 

and 5.460.263. _ noivmer is chosen to maximize the adhesion, as deter- 
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still mairntoinir^adequtfes^^ 

insoluble binder comprise at least 50%, by weight, water insoluble polymer. Below 50 % water insoluble po ymeraane 

noZercWise at least 70%. by weight, water insoluble polymer and most preferably atleast80% bywe^htwa^er 
SSe^Er tl is preferred that the combined weight of the water soluble polymer and water ^uble^ymer 
SSeSethan P 95%. by weight water insoluble polymer due to a decrease in adhesion between the med,a and 



media comprises a receptive layer comprising potyvinyt alcohol as the ^^e ^rarKi 
aWner axnprteing styrene as fine water insoluble polymer. Mae preferably, the water .nsol^e P^J^ a 
^v3^o\oo% stvrene and 0-90% acrylic ester. In the preferred media the polymer compnsmg styrene repre- 

Sto^b^ 

lariy preferred media the polymer comprising styrene represents 80% to 90%. by weight, of the total we.gnt or me 
polyvinyl alcohol and polymer comprising styrene. . . . l/vJ . „ soluble 

ioo2 3] A particularly preferred media comprises a receptive layer compns.no potyvmyfalcohol as the water soluble 
polymer and a copolymer comprising a styrene core with a shell comprising ^e^r 
10024] The inorganic particulate material is preferably chosen from a group conasting of criteria. s*ca 
Eefe^^ganic^articulate materia, is silica with a hydrodynamic diameter ,n water of no more than 0* ^m 
I;7l 7 inorganic particulate materia, has a h^rodynamic dUuneter -^er = e^ 0^ AJso 
ZZJrt* « a particulate material is silica with a hydrodynamic diameter hi water of no more than about O05nm The 
rftoa^pr^erab^rat^^st frOO^yrn A hydrodynar^dianieter in water between 0.005 um and 0.030 |im wrth ®^P**jf*' 
S^earSetwl 100 and So J£i partfoulariy advantagecus^superior <^£^£*£^ 
don is a silica hydrodynamic diameter in water of 0.010 to 0.020 urn wrth a surface area of 200 to300m^g. Scratcn 
^s^rnlcS XLd with a silica hydrodynamic dfcmeter in water of 0.01 to 0.015 urn and a speohc surface 

m TpI^edtSloida. silica for use in this invention is a muttisphericaHy coupled and/or braced *k*d 
SSc mSSL lav. coUoidal silica particles having a long chain structure in which spherical colloidal silica is coupled 
SSS ^^prSeSSSsiliS^ which the coupled silica Is ^^Sv Jr" 
Si3aS is obtained by forming partide-partide bonds between ISS^SS^ 
spersing metal ions having a valence of two or more between ft, > sphenca ^^S^£nS 
muftispnerically coupled colloidal silica has at least three particles coupled together. More Drefera^ff^iospnen 
SySupwS silica has at tea* five partides coupled togeft^ 
SfoidtSca has at least seven particles coupled together. The hydrodynanuc d ^^ ,n J^^^^^ 
Site material is determined as the diameter of a spherical partide with the same hydro^c P^^ s ^ 
Smple in question. By way of example, a f brous saica partide with dimenaons of approximately 0.150 u«n by 0.014 
um exhibits a hydrodynamic diameter in water of approximately 0.035 ^ . ^ c^ned 

W0261 The inorganic particulate matter of the receptive layer represents less than 50%. * J^^T 
S weight of ^ino^ic partteu.ate matter, the water solUxe polymer 

tened entodiment the inorganic particulate matter of the receptive layer represents less than 20%. I* -w*«t« 

STnTerxSed embodiment the inorganic particulate matter of the receptive layer represents ^J^f%by 
w£hT* ST combined coating waght of the Inorganic particulate matter, me water soluhle polymer and the water 

KT Kost preferable to add a cross inker to the recede foyer to inaease the «^"^ 
Sdehyde hardened sudn as formaldehyde or glutaraldehyde ^^t^^^uH 06^S Z 
Shardeners such as those described in. for example. US Pat and 

4 014 862 and imidazolium hardeners as defined in Fodor. et al. U.S. Pat Nos. 5.459 029. 5 ^ 78 ^. 5.591 .863 ana 

5 601 971 are suitable for use in the present invention. Aziridenes and epoxrfes are also surtable ha^ene^ 
SSsf Cosslinking is well known in the art to form intermo.ecu.ar bonds between ^'^^^^2 

t! a. i ;„o^rrt inuontion a crosslinker may be chosen to form intermolecular bonds between pairs ot water 

fp^etol^ 

55 exTof the present invention -gelatin" also refers to substantially equivalent substances such as syr^etic analogues o^ 
Satin^e^gSnisc2ss«iedasalkalinege.atin.ad^ 

from me freatmert of collagen with a base such as caldum hydroxide, for example. Aodic gelatin s that wtudi « 
Sineo f romTe treatment f cdtagen in acid such as. for example, hydrochloric acd and enzymatic gefotin is gener- 
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ated with a hydrolase treatment of collagen. The teachings of the present invention are not restricted to gelatin type or 
the molecular weight of the gelatin with the proviso that after preparation of the gelatin a sufficient number of pendant 
carboxyfic acid and amine groups remain tor reactivity as taught herein. Carboxyl-comaining and amine containing pol- 
ymers, or copolymers, can be modified as taught herein so as to lessen water absorption without degrading the desir- 

5 able properties associated with such polymers and copolymers. 

[0030] Other materials can be added to the receptive layer to aid in coating and to alter the rheological properties of 
either the coating solution or the dried layer Polymethylmethacrylate beads can be added to assist with transport 
through phase change ink printers. Care must be taken to insure that the amount of beads is maintained at a low 
enough level to insure that adhesion of the phase change ink to the substrate is not deteriorated. Preferably, the beads 

10 should represent no more than about 1 .0 % by weight of the receptive layer. It is conventional to add surfactants to a 
coating solution to improve the coating quality. Surfactants and conventional coating aids are compatible with the 
present invention. 

[0031] The combined coating weight of the inorganic particulate matter, the water soluble polymer, and the water 
insoluble polymer is preferably more than 30 mg/dm 2 and no more than 200 mg/dm 2 . Above 200 mg/dm2 the adhesion 

is advantage diminishes and the increased cost of raw materials is not justified. It is more preferred that the combined 
coating weight of the inorganic particulate material, the water soluble polymer and the water insoluble polymer be at 
least 40 mg/dm 2 . Most preferred is a combined coating weight of the inorganic particulate material, the water soluble 
polymer and the water insoluble polymer of at least 60 mg/dm 2 to insure adequate phase change ink adhesion and ade- 
quate resistance to scratching. A combined coating weight of the inorganic particulate material, the water soluble poly- 

20 mer and the water insoluble polymer of at least 50 mg/dm 2 and no more than 200 mg/dm 2 is a preferred range and most 
preferred is a combined coating weight of the inorganic particulate material, the water soluble polymer and the water 
insoluble polymer at least 40 mg/dm 2 and no more than 100 mg/dm 2 . 

[0032] The preferred support is a polyester obtained from the condensation polymerization of a diol and a dicarboxyCc 
acid. Preferred dicarboxylic acids include terephthalate acid, isophthalic acid, phthalic acid, naphtrialenedicarboxyOc 

25 acid, adipic acid and sebadc acid. Preferred diols include ethylene glycol, trimethyiene glycol, tetramethytene glycol 
and cyctohexanedimethanot. Specific polyesters suitable for use in the present invention are polyethylene terephtha- 
late. pc^yethylene-p^Tydroxybenzoate. poly- 1 .4-cydohexylene dimethylene terephthalate, and polyethylene-2.6-naph- 
thalenecarboxylate. Polyethylene terephthalate is the most preferred polyester for the support due to superior water 
resistance, excellent chemical resistance and durability. The polyester support is preferably 1 -1 0 mil in thickness. More 

30 preferably the polyester support is 3-8 mil thick and most preferably the polyester support is either 3.5-4.5 mil or 6-8 mil 
thick. The receptive layer may also be applied to cellulose base media such as paper and the like. 
[0033] A primer layer is preferably included between the receptive layer and the support to provide increased adhe- 
sion between the receptive layer and the support Preferred primer layers are resin layers or antistatic layers. Resin and 
antistatic primer layers are described, for example, in U.S. Pats. 3,567.452; 4,916,011; 4,701,403; 4,891,308; and 

35 4,225,665, and 5,554,447. 

[0034] The primer layer is typically applied and dry-cured during the manufacture of the polyester support When pol- 
yethylene terephthalate is manufactured for use as a photographic support, the polymer is cast as a film, the mixed pol- 
ymer primer layer composition is applied to one or both sides and the structure is then biaxially stretched. The biaxial 
stretching is optionally followed by coating of either a gelatin subbing layer or an antistatic layer. Upon completion of the 

40 stretching and the application of the primer layer compositions, it is necessary to remove strain and tension in the sup- 
port by a heat treatment comparable to the annealing of glass. Air temperatures of from 100°C to 160°C are typically 
used for this heat treatment. 

[0035] It is preferable to activate the surface of the support prior to coating to improve the coating quality thereon. The 
activation can be accomplished by corona-discharge, glow-discharge, UV-rays or flame treatment Corona-discharge is 
4s preferred and can be carried out to apply an energy of 1 mw to 1 kW/rrr 2 . More preferred is an energy of 0.1 w to 5 w/m 2 . 
[0036] Bactericides may optionally be added to the receptive layer or the primer layer to prevent bacteria growth. Pre- 
ferred are Kathon®, neomycin sulfate, and others as known in the art. 

[0037] An optional, but preferred backing layer can be added opposite the receptive layer to decrease curl, impart 
color, assist in transport, and other properties as common to the art. The backing layer may comprise cross linkers to 

so assist in the formation of a stronger matrix. Preferred cross linkers for the backing layer are carboxyi activating agents 
as defined in Weatherill. US. Pat. No. 5.391.477. Most preferred are imidazolium hardeners as defined in Fodor, et al, 
U.S. Pat. Nos. 5,459,029; 5,378.842; 5,591.863; and 5.601.971. Aziridine and epoxy crosslinkers are also suitable 
crosslinkers. The backing layer may also comprise transport beads such as polymethylmethacrylate. It is known in the 
art to add various surfactants to improve coating quality. Such teachings are relevant to the backing layer of the present 

55 invention. 

[0038] Phase change inks are characterized, in part, by their propensity to remain in a solid phase at ambient tem- 
perature and in the liquid phase at elevated temperatures in the printing head. The ink is heated to the liquid phase and 
droplets of liquid ink are ejected from the prirrting head. When the ink droplets contact the surface of the printing media 
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they quicMy solidity to form a pattern of solid ink drops. This process is known as direct ink jet pnnting. Other devices 
deliver th Squid ink droplets to a heated drum, maintained just below the melting temperature of the phase change 
inks. The patterned ink is then transferred from the drum in the rubbery state to the media under pressure. This process 
is known as indirect printing. 

[00391 The phase change ink composition comprises the combination of a phase change ink earner and a compatible 
colorant. The thermomechanical properties of the earner are adjusted accofding to the mode of printing and further to 
match the precise parameters of the printer design. Thus each printer design has a matching optimized nk. 
[00401 Exemplary phase change ink colorants comprise a phase change ink soluble complex of (a) a tertiary alkyl 
primary amine and (b) dye chromophores having at least one pendant acid functional group in the free aad form Each 
of the dye chromophores employed in producing the phase change ink colorants are characterized as follows: (1) the 
unmodified counterpart dye chromophores employed in the formation of the chemical modified dye chromophores have 
limited solubility in the phase change ink carrier compositions, (2) the chemically modified dye chromophores have at 
least one free acid group, and (3) the chemically modif ied dye chromophores form phase change ink soluble complexes 
with tertiary alkyl primary amines. For example, the modified phase change Ink colorants can be poduced from 
unmodified dye chromophores such as the class of Color Index dyes refened to as Acid and Direct dyes. These 
unmodified dye chromophores have limited solubility in the phase change ink carrier so that insufficient color is pro- 
duced from inks made from these carriers. The modified dye chromophobe preferably comprises a free acid derivative 

^r'rhe'teffery alkyl primary amine typically includes alkyl groups having a total of 12 to 22 carbon atoms, and 
so preferably from 12 to 14 carbon atoms. The tertiary alkyl primary amines of particular interest are produced by Rohm 
and Haas. Incorporated of Houston, Texas under the trade names Primene JMT and Pnmene 81 -R. Primene8l-RB 
the preferred material. The tertiary alkyl primary amine of this invention comprises a composition represented by the 
structural formula: 

» fjlH 2 

CH 3 (CH2) X — <j~ (CH 2 )yCH 3 
(CH 2 ) X CH 3 
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wherein: 



x is an integer of from 0 to 18; 
35 y is an integer of from 0 to 18; and 
z is an integer of from 0 to 1 8; 

with the proviso that the integers x. y and z are chosen according to the relationship: 



40 



45 



50 



55 



x+y + z = 8to 18. 

[0042] Exemplary phase change ink carriers typically comprise a fatty amide containing material. The fattyamide- 
corctaining material of the phase change ink earner composition preferably comprises a tetraamkle compound. The pre- 
fened tetra-amide compounds for producing the phase change ink carrier composition are dimer.c acd-based tetra- 
amides which preferably include Ihe reaction product of a fatty acid, a diamine such as ethylene diamme and a dimer 
acid Fatty acids having from 10 to 22 carbon atoms are preferably employed in the formation of Ihe dimer aad-based 
tetra-amide. These dimer acid-based tetrairides are produced by Union Camp and comprise the reaction product of 
ethylene diamine, dimer acid, and a fatty acid chosen from decanoic acid, myristic acid, stearic acid and docasanic aad. 
The prefened dimer acid-based tetraarrtde is the reaction product of dimer acid, ethylene diamine and cteanc aad . in a 
stoichiometric ratio of 1 22. respectively. Stearic acid is the prefened fatty acid reactant because Hs adduct with d.mer 
acid and ethylene diamine has the lowest viscosity of the dimer acid-based tetra-amides. 

[0043J The fatty amide-containing material can also comprise a mono-amide. In fact, in the prefeired case, the phase 
change ink earner composition comprises both a tetra-amide compound and a mono-amide compound. The mono- 
amide compound typically comprises either a primary or secondary mono-amide, but is preferably a secondary mono- 
amide. Of the primary mono-amides steararride. such as Kemamide S. manufactured by Witco Chem.cal Company, 
can be employed. As for the secondary mono-amides behenyl behemamide and stearyl stearam.de are extremely use- 

[«V44T^Ano?h» way of describing the secondary mono-amide compound is by structural formula. More specifically a 
suitable secondary mono-amide compound is represented by the structural formula: 



6 



BNSOOCIO: <EP 003A833A2_I.> 



EP 0 934 833 A2 



CxHy-CO-NHCaHb 

wherein. 



xisan integer from 5 to 21 ; 
y is an integer from 1 1 to 43; 
a is an integer from 6 to 22; and 
b is an integer from 13 to 45. 



20 



25 



fOMSl The preferred fatty amide-containing materials comprise a plurality of fatty amide ™ te "^ e P^ o 

projected through the r^riented printed unexpected results shown herein is that floe- 

structure of the floe. Upon further evaporation the surface of the floe network becomes exposed ana cap 
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arise The result of the capillary forces is that water surfaces of negative curvature occur in the interetices between par- 
ticles These forces arise partly because the solid/vapor interface has a higher energy than that of the softd/liquid inter- 
face The liquid therefore tends to wet the solid. As the liquid covers the solid, a tensile stress appears on the liquid. Due 
to conservation this stress must be compensated by a compressive stress that shrinks the network forming islands and 
large pores. 

10055] The receptor layer is applied to the support as a coating suspension in a solvent. The most prefened solvent 
is water. The coating suspension comprises inorganic particulate material, a water soluble polymer and a water insol- 
uble polymer. After application of the coating suspension onto the support the solvent is removed yieldrng a solid recep- 
tive layer comprising inorganic particulate matter, water soluble polymer and water insoluble polymer. 
[00561 Once solutions are coated on the support, the aggregation process becomes prevalent as the coating dries. 
The liquid solution evolves into an irregular surface with a wide range of shapes and tortuous patterns depending upon 
both the drying rate and the initial concentration of the coating solutions. At very low drying rates a porous f dm appears 
to be uniform but with numerous cracks. At drying rates between 150 and 800 mg ^O/min. sq. dm. the film wolves into 
a sequence of rounded small islands separated by pores. As the drying rate increases further, ttie elands become 
larger. Measurements of the island size have been measured by using scaled electronmicrographs. At drying rates 
between 150 and 800 mg HjO/min sq. dm. the island size is optimized. Most preferred is a drying rate of between 200 
and 500 mg l-UO/min sq. dm. . . . 

[00571 This preferred structure can best be described by using scaled electionmicrographs. The eland size is deter- 
mined as the diameter of a circle having the same projected surface area as the island. In this way. the optimum eland 
size has been determined to have a size of no more than 15 ym diameter. More preferably, the island size e no more 
than 10 urn. it is most preferred that the island be at least 1 vm. The pores can be best described by taking cross sec- 
tions in electronmicrographs and measuring both the asperity, or depth of the pore (Y). and the extent to whichthe pore 
wan is recessed from the inner edge of the pore opening (X). The angle defined by the complement of Jhearctanof JrVX 
( (arctan(Y/XVpi x 180) - 90 ) is preferred to be less than -20 degrees and more preferably less than -35 deg andmost 
as preferred to be less than -50 deg. Cross section electronmicrographs of the media described here overprinted wrth 
phase change ink shows penetration of the ink into these pores and a mechanical interlocking at the points of pore over- 

[0058] The island size is determined as the diameter of a circle having the same surface area as the island. The opti- 
mum island size has been determined to have a size of no more than 1 5 urn. More preferably, the eland size is no more 
w than 10 urn. It is most preferred that the "eland size be at least 1 (im. 

[0059] Another dimension that describes the surface geometry in the direction perpendicular to the surface e R(z) 
the average distance between peaks and valleys which e a measure of me unevenness <jfmesurfaceTh.s e the aver- 
age distance between peaks and valleys which is a measure of the unevenness or asperity of the surface. Coated [sur- 
faces produced at moderate drying rates, that is when the small elands (less than 10 microns) are prevalent have 
asperity (R(z)) values of at least 5.5 ,im and no more than 6.2 pm. Mae preferably the asparity at least 5.5 urn and no 
more than 6.0 urn. In general, increased solution concentrations will lead to surfaces that are very irregular n size with 

[OMoT^rSating weight is measured gravimetrically. The sample is cut into a 10 cm x 10 cm square and weighed 
on a calibrated analytical balance to the nearest 0.1 mgm. The cut sample is then immersed into acetone, or another 
surtaWe solvent to soften and lift the coating as a free membrane. Any strongly adhered coating rs re^ wtthan 
acetone soaked wipe. The sample e then dried and reweighed to calculate the coating weight in mgm/sqdm by drffer- 

[0061] Tape test density is a quantitative measurement indicating the propensity of the phase change ink to remain 
adhered to the media under conditions of peel or delamination. The tape test is performed by adhenng. using a 10 lb. 
roller weight at least 10 cm of 3M Scotch Type 810 Magic Tape (19 mm wide) to cover all of a stnp of a 5 cm x 5 cm 
square, maximum black density (Tektronix 016-1307-00 black wax) single layer wax ink crosshatched pattern (wrth 5 
mm spaced 0.2 mm lines without ink) printed on the media using a Tektronix Phaser 340 in the paper mode at 300 x 
600 dpi. (monochrome) leaving approximately 1 cm of tape unattached. By grasping the unattached tape tag. the tape 
is pulled off of the media and printed area in one single rapid motion. The density of the peeled (Tp) and the original 
so inked (To) areas on the media are measured using a Macbeth TR927 densitometer zeroed with the clear f dter and us.ng 
the "density" selection, taking care to center the Macbeth spot in a single 5 mm x 5 mm crosshatched square. The tape 
test density is the loss of transmittance according to the following formula: 

(100 -%Tp) 

ss "(100-%To) 



35 



40 



45 



where TT is relative tape test density; 
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Tp is % transmittance of the area after the tape is peeled off; and 
To is % transmittance of the original inked area. 

[0062] A higher tape test density is preferred since this indicates a smaller percentage of phase change ink removal. 
5 No removal of phase change ink would be indicated by a tape test density of 100. Complete removal of the phase 
change ink would be indicated by a tape test density of 0. Tape test values are typically reproducible to a standard devi- 
ation of no larger than 5%. 

[0063] Impact represents a measure of the adhesion of the phase change ink under conditions of rapid delamination 
with higher numbers being preferred. Impact is measured by a Gardner Impact Tester (Cat No. 1G1121) from BYK 

10 Gardner, Silver Spring, MD. The tester is modif ied by placing a rubber stopper in the drilled out anvil to a position slightly 
above being flush with the top of the anvil. This is done so as to avoid gross distortions of the PET base film upon impact 
by the hammer. The weight used to deliver the hammer Wow is the 125 gm weight available from BYK Gardner. A spe- 
cially modified Tektronix Phaser 340 is used to deliver in one media pass a double layer of black ink uniformly to a 10 
cm x 19 cm area and after waiting for at least five minutes for the wax layer to come to room temperature, impacts are 

is delivered from a height of 10 cm to each of four spots on a line parallel to the leading edge of the printed sheet on the 
side opposite the wax. One impact is delivered in the first spot, two in the second in succession, and so on up to a max- 
imum of four impacts in the fourth spot. After impacting, Scotch MagicO Tape (type 810) form 3M Company, St Paul 
, Minnesota is applied over the impacted spots and slowly removed to lift any dislodged ink The sample is then rated 
on a scale of 0 to 4 depending on the number of impacts required to dislodge ink from the impacted area. The following 

so definition of grades were used: 



Grade 


Appearance 


0 


Significant ink dislodged in one hammer blow with complete removal with two or more blows 


1 


No or very little ink removed in one Wow, significant ink dislodged in two Wows, and complete removal 




with three or more Wows 


2 


No or very little ink removed in one or two blows, significant ink dislodged in three Wows, and complete 




removal with four Wows 


3 


No or very little in removed with one. two or three Wows, signif icant ink dislodged with four Wows 


4 


No or very little ink removed using up to four consecutive Wows 


The judgment of how much ink removal is considered Very little" is made by a comparison to a region which has 
not been impacted but has had the tape applied and removed. 



[0064] To remove aging factors from consideration, the tape test densities reported herein are tor fresh printings on 
ao four week old coatings. 

[0065] The scratch resistance of coated media is measured by the use of the ANSI PH1 .37-l977(R1 989) method for 
determination of the dry scratch resistance of photographic f ilm. The device used is described in the ANSI IT9. 14-1992 
method for wet scratch resistance. Brass weights up to 900 g. in the continuous loading mode are used to bear on a 
spherical sapphire stylus of 0.38 mm radius of curvature, allowing an estimated maximum loading of 300 kgm/cm 2 . 
45 Since the stylus is a constant the results can be reported in gram mass required to break through the coating to the 
surface of the base polymer. Scratch data is typically accurate to within approximately 50 gms. The reported scratch 
resistance is for samples measured four weeks after coating. 

[0066] Total haze of the coated media is measured with a Gardner Hazegard Plus System calibrated to 1 , 5, 10, 20 
and 30 % haze NIST standards (standard deviation 0.02) on 35 mm wide strips held 1.2 cm from the transmission 

so entrance on the flat surface of a quartz cell. The reported haze is for four week old coatings at ambient conditions. 
[0067] The following examples illustrate the invention and are not intended to limit the scope of the invention. 
[0068] The major improvement claimed in the present invention is in the retention of ink/media anchorage in impact. 
Impact is delivered over a short time frame and hence contains frequencies (time transform) which are much higher 
than those encountered in peel. It is in the damping of these high frequency energies that a high surface area mechan- 

55 ical bond is most effective. The physical disruption of a propagating crack at this interface is a factor. In addition, the 
rapid dissipation of energy is enhanced by soft materials in contact. This both the mechanical properties and physical 
structure of the media in contact with the phase change ink is important The present invention teaches the use of soft, 
largely organic coatings with many pores possessing inwardly (negatively) sloped walls which anchor mechanically to 
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the phase change ink penetrating into these pores, providing high interfacial area, crack propagation disruption, and a 
stabilized mechanical lock. 

EX AMPL ES 

5 

Example 1: 

Preparation of CoaUng Solutions 

10 [0069] The receptive layer solutions were prepared in a jacketed, stirred container at about 1 1 - 1 8 wt % total solids in 
water. The water soluble polymer, typically available as a powder, was dispersed at moderately high shear in deionized 
water for a short duration. The shear was decreased, the temperature was raised to above 90°C, and the conditions 
were maintained until the polymer was completely dissolved (approximately 1/2 hour). The solution was then cooled to 
25-30°C, and the weight percent solids measured. Water insoluble polymer dispersions were added to the solution to 

is the desired weight percent. pH was adjusted to closely approximate that of the inorganic particulate material. Coating 
aids such as Triton X-100, ethyl alcohol, antimicrobials, bead dispersions and other additives can also be added if 
desired. A solution containing the inorganic particulate matter was prepared in a separate, stirred container. The poly- 
mer solution and inorganic particulate matter solution were then combined and analyzed to insure that pH, viscosity and 
surface conductivity were suitable for coating. The mixtures were coated within 24 hours of their preparation. 

20 [0070] Coating solutions were prepared as described above wherein the water soluble polymer was polyvinyialcohol 
available as Elvanol 90-50 from E. I. duPont de Nemours, of Wilmington, DE. The water insoluble polymer was a 
sytrene-acrylate copolymer dispersion wherein the sytrene is in the core and an acrylate shell. The styrene-acr.yiate 
copolymer is available under the trade name Glascol RP6, available from Allied Colloids, Inc., 2301 Wilroy Road, Suf- 
folk, VA 23439. The inorganic particulate matter was silica available as Snowtex-UP from Nissan Chemical Industry, 

25 Ltd. of New YxK NY. 

[0071] The coating solution was coated using an air knife with variation of the solution analysis, coating speed, and 
air knife pressure to vary the coating thickness. The films were dried after coating using air impingement providing an 
air temperature of 85-95°C which provided a substrate temperature of 25-29 °C at the dry point 
[0072] The results are recorded in Table 1 . 

30 



TABLE 1 



35 



40 



45 



SO 



Sample 


%Soluble 


^Insoluble 


%P 


CW 


TT 


Imp, 


Scr 


C-1 


100 




75 


10 


78 


0 


360 


C-2 


100 




50 


8 


67 


0 


550 


C-3 




100 


75 


6 


83 


0 


290 


C-4 


20 


80 


75 


10 


77 


0 


320 


C-5 


12 


88 


50 


45 


65 


0 


440 


lnv-1 


12 


88 


20 


42 


53 


0.5 


410 


lnv-2 


12 


88 


3 


35 


89 


1 


250 


lnv-3 


12 


88 


3 


45 


91 


2 


225 


lnv-4 


12 


88 


3 


65 


95 


3 


195 


lnv-5 


12 


88 


3 


83 


97 


4 


175 


lnv-6 


9 


91 


3 


45 


81 


1 


250 


lnv-7 


17 


83 


3 


45 


96 


3 


210 



Where: 

55 %Soluble is the percent of the total weight of water soluble polymer and water insoluble polymer represented by 
the water soluble polymer. 

%lnsoluble is the percent of the total weight of water soluble polymer and water insoluble polymer represented by 
the water insoluble polymer. 
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%P is the percent particulate matter as a function of the combined weight of the water soluble polymer water insol- 
uble polymer and particulate matter. 

CW is the coating weight of water soluble polymer, water insoluble polymer, and inorganic particulate matter in 
mg/dm2. 

5 TT is the percent density remaining after the tape test. 
IMP is the result of the impact test. 

Scr. is weight required (grams) to initiate and propagate a scratch. 

10073] The results illustrate that a high level of inorganic particulate matter (£ 50%, by weight) is detrimental to adhe- 
w sion of ink to the surface as indicated by the impact results (Imp.). Comparing samples C-5 with lnv.-3, lnv.-6 and Inv.- 
7, for example, illustrates that the adhesion is not merely a function of total coating weight but is a function of the poly- 
mer fractions, inorganic particulate level and coating weight. 

Example 2: 

15 

[0074] Samples were prepared and coated at a coating weight of 40 mo/dm 2 in a manner analogous to that described 
for Example 1 with 88%, by weight the Glased RP6 styrene acrytate polymer and 12%. by weight Elvanol 90-50 poly- 
vinytalcohol. The styrene acrytate copolymer particles size was measured, as received, using a Nikton light scattering 
particle size analyzer and determined to have a mean diameter of 69.2 nm at a solution concentration of 5%. The drying 
20 rate was varied and the structure was characterized. Structure characterization was accomplished by observing the 
surface under a 2800X magnification and measuring the average size of the islands reported as the diameter of a circle 
with the same surface area. Asperity (R(z)) was deterimined as the average distance from the tops of the islands to the 
bottom of the valleys, or the average distance traveled from peak to trough as measured with a T. Hubson stylus. The 
results are recorded in Fig. 2. 

25 



TABLE 2 



30 



35 



40 



Sample 


DR 


IS 


R(Z) 


Imp. 


A 


116 


17.0 


7.9 


1 


B 


117 


18.0 


7.0 


0.5 


C 


170 


10.0 


5.5 


2 


D 


212 


7.0 


5.5 


2 


E 


280 


5.0 


5.6 


2 


F 


276 


4.5 


5.3 


3 


G 


374 


4.5 


6.1 


1 


H 


706 


12.0 


5.6 


2 


I 


1325 


19.0 


4.9 


1 


J 


1280 


24.0 


4.5 


0.5 


K 


1340 


21.0 


6.3 


0.5 



DR Is the drying rate in mg H20/min.dm 2 . 
IS is the island equivalent diameter in 
um. 

R(Z) is the asparfty in urn. 
Imp. is as defined previously. 



[0075] The results of Example 2 illustrate the improvement in impact resistance which can be obtained by optimally 
drying the media to obtain the proper island size and asparity. 

55 Claims 

1 . A recording medium for phase change ink recording comprising: 
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a support; 

more than 30 mg/dm 2 and not more than 200 mg/dm 2 of a receptive layer coated on said support wherein said 
receptive layer comprises: 

5 a binder comprising: 

a water soluble polymer; and 
a water insoluble polymer; 

wherein the combined weight of said water soluble polymer and said water insoluble polymer com- 
10 prises at least 50%, by weight and no more than 95%, by weight, water insoluble polymer. 

2. The recording medium for phase change ink recording ol Claim 1 said combined weight of said water soluble pol- 
ymer and said water insoluble polymer comprises at least 70%, by weight, and no more than 95%, by weight, water 
insoluble polymer 

15 

3. The recording medium for phase change ink recording of Claim 1 wherein said water soluble polymer has a hydro- 
dynamic diameter in water of no more than 0.05 *im. 

4. The recording medium for phase change ink recording of Claim 1 wherein said water soluble polymer comprises at 
20 least one compound chosen from a group consisting of polyvinyl alcohol, polyacrylamide, methyl cellulose, polyvi- 
nyl pyrroJidone and gelatin. 

5. The recording medium for phase change ink recording of Claim 4 wherein said water soluble polymer is polyvinyl 
alcohol. 

25 

6. The recording medium for phase change ink recording of Claim 1 wherein said water soluble polymer comprises at 
least one element chosen from a group consisting of polyvinyl alcohol, polyacrylamide and polyvinyl pyrroTtdone. 

7. The recording medium for phase change ink recording of Claim 1 wherein said water insoluble polymer has a 
30 hydrodynamic diameter in water of at least 0.05 um. 

8. The recording medium for phase change ink recording of Claim 7 wherein said water insoluble polymer comprises 
at least one polymer of copolymer chosen from a group consisting of acrylic polymer, urethane polymer and olefin 
polymer. 

35 

9. The recording medium for phase change ink recording of Claim 8 wherein said water insoluble polymer comprises 
at least one polymerizable monomer chosen from a group consisting of acrylic ester, olefin, aromatic substituted 
olefin, vinyl, aromatic substituted olefin, unsaturated urethane and unsaturated amide. 

40 10. The recording medium for phase change ink recording of Claim 6 wherein said water insoluble polymer is a copol- 
ymer comprising 10-100%, by weight styrene and 0-90%, by weight acrylic ester. 

1 1. The recording medium for phase change ink recording of Claim 10 wherein said water insoluble polymer is a copol- 
ymer comprising 50-99%, by weight styrene and 1-50%, by weight acrylate. 

45 

12. The recording medium for phase change ink recording of Claim 7 wherein said water insoluble polymer is a copol- 
ymer comprising styrene and acrylate. 

1 3. The recording medium for phase change ink recording of Claim 12 wherein said water insoluble polymer is a copol- 
so ymer comprising a core of styrene and a shell comprising acrylic ester. 

14. The recording medium for phase change ink recording of Claim 7 wherein said water insoluble polymer comprises 
acrylic ester 

55 15. The recording medium for phase change ink recording of Claim 1 further comprising an inorganic particulate mate- 
rial wherein said inorganic particulate material represents less than 50%, by weight, of the combined coating 
weight of said water soluble polymer, said water insoluble polymer and said inorganic particulate material. 
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16. The recording medium for phase change ink recording of Claim 15 wherein said inorganic particulate material rep- 
resents less than 20%, by weight, of the combined coating weight of said water soluble polymer, said water insol : 
uble polymer and said inorganic particulate material. 

5 17. The recording medium for phase change ink recording of Claim 1 6 wherein said inorganic particulate material rep- 
resents less than 5%, by weight, of the combined coating weight of said water soluble polymer, said water insoluble 
polymer and said inorganic particulate material. 

18. The recording medium of claim 1 wherein said receptive layer comprises a surface with an average island size of 
10 no more than 1 Sum. 

19. The recording medium of claim 18 wherein said surface comprises an average island size of no more than 10 urn. 

20. The recording medium of claim 19 wherein said surface comprises an average island size of at least 1 um. 

15 

21 . The recording medium of claim 18 wherein said receptive layer comprises a surface with an average asperity of at 
least 5.0 um and no more than 6.2 jim. 

22. The recording medium of claim 21 wherein said receptive layer comprises a surface with an average asperity of at 
20 least 5.5 um and no more than 6.2 urn. 

23. A recording medium for phase change ink recording comprising: 

a polyethylene terephthalate support- 
's 1 - 200 mg/dm 2 of a receptive layer coated on said support wherein said receptive layer comprises: 

a binder comprising: 

polyvinyl alcohol; and 

30 a polymer comprising 10-100%, by weight, styrene and 0-90%, by weight acrylic ester; 

wherein the combined weight of polyvinyl alcohol and said polymer comprises at least 50%, by weight, 
polymer; 

inorganic particulate material wherein said inorganic particulate material is less than 50%, by weight, 
of the weight of said combined weight of polyvinyl alcohol and said polymer. 

35 

24. The recording medium for phase change ink recording of Claim 23 further comprising an inorganic particulate 
material wherein said inorganic particulate material represents at least 1 %, by weight and less than 50%, by 
weight of the combined coating weight of said polyvinyl alcohol and said polymer. 

AO 25. The recording medium for phase change ink recording of Claim 23 wherein said polymer comprises 90-99%, by 
weight, styrene and 1-10%, by weight, acrylic ester. 

26. The recording medium for phase change ink recording of Claim 23 wherein said polymer comprises styrene in a 
core and acrylic ester as a shell. 

45 

27. The recording medium of claim 23 wherein said receptive layer comprises a surface with an average island size of 
no more than 15 um. 



50 



28. The recording medium of claim 27 wherein said surface comprises an average island size of no more than 10 um. 

29. The recording medium of claim 28 wherein said surface comprises an average island size of at least 1 um. 



30. The recording medium of claim 23 wherein said receptive layer comprises a surface with an average asperity of at 
least 5.0 pirn and no more than 6.2 um. 

55 

31 . The recording medium of claim 30 wherein said receptive layer comprises a surface with an average asperity of at 
least 5.5 jim and no more than 6.2 ^m. 
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32. A process for forming a medium for phase change ink recording comprising the steps of: 

a) transporting a support through a coating station; 

b) applying a suspension to said support as said support transits through said coating station; 
5 wherein said suspension comprises: 

water; 

a water soluble polymer; and 
a water insoluble polymer; 

w wherein the combined weight of said water soluble polymer and said water insoluble polymer comprises 

at least 50%. by weight and no more than 95%, by weight, water insoluble polymer; 

c) removing said water from said suspension to form a media; 

wherein said water soluble polymer and said water insoluble polymer have a combined weight on said media 
is of at least 30 mg/dm 2 and not more than 200 mg/dm 2 . 

33. The process for forming a medium for phase change ink recording of claim 32 wherein said water is removed from 
said suspension at a rate of at least 150 mg of water per min per dm 2 and no more than 800 mg of water per min 
per dm 2 . 

20 

34. The process for forming a medium for phase change ink recording of claim 33 wherein said water is removed from 
said suspension at a rate of at least 200 mg of water per min per dm 2 and no more than 500 mg of water per min 
per dm 2 . 

25 35. The process for forming a medium for phase change ink recording of claim 32 wherein said media comprises a sur- 
face with an average island size of no more than 15 urn. 

36. The process tor forming a medium for phase change ink recording of claim 35 wherein said surface comprises an 
average island size of no more than 10 jim. 

30 

37. The process for forming a medium for phase change ink recording of claim 36 wherein said surface comprises an 
average island size of at least 1 urn. 

38. The process for forming a medium for phase change ink recording of claim 32 wherein said media comprises a sur- 
35 face with an average asperity of at least 5.0 \im and no more than 6.2 urn. 

39. The process for forming a medium for phase change ink recording of claim 38 wherein said receptive layer com- 
prises a surface with an average asperity of at least 5.5 *im and no more than 6.2 *im. 

40 
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